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(54) GRAIN REFINING METHOD FOR CAST ARTICLE OF MAGNESIUM ALLOY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a grain refining method for the cast 
article of a magnesium alloy, which can improve the mechanical properties by 
refining crystal structures without generating dioxin. 

SOLUTION: This method for refining the crystal grains in the cast structure 
comprises adding a pure carbon (C) powder, or niobium pentoxide 0(Nb2O5) or 
divanadium pentoxide (V205) together with the carbon (C) source, into a molten 
magnesium alloy containing aluminum (Al) and manganese (Mn). 
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CLAIMS 
[Claim(s)] 

[Claim 1] The grain-refining approach of the Magnesium alloy cast characterized 
by making crystal grain of cast structure detailed by adding pure carbon (C) 
powder in the Magnesium alloy melt containing aluminum (aluminum) and 
manganese (Mn). 

[Claim 2] The grain-refining approach of the Magnesium alloy cast characterized 
by making crystal grain of cast structure detailed by adding 5 niobium oxide (Nb 
205) or 5 oxidization 2 vanadium (V205) with the source of carbon (C) in the 
Magnesium alloy melt containing aluminum (aluminum) and manganese (Mn). 
[Claim 3] It is the grain-refining approach of the Magnesium alloy cast according 
to claim 2 which the addition of the 5 niobium oxide (Nb 205) to the amount of 
melt or 5 oxidization 2 vanadium (V205) is 0.1 - 3%, and is characterized by 
addition temperature being 993-1 073K. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the grain-refining approach of a 
Magnesium alloy cast that a mechanical property is improvable, by making the 
crystalline structure detailed, without generating dioxin. 
[0002] 

[Description of the Prior Art] The approach which does not need addition of a 
detailed-ized agent, and the needing approach are learned as the grain-refining 
approach of of the Magnesium alloy containing aluminum (aluminum), for example, 
AZ system. After the former overheats alloy melt (molten metal) more than the 
melting point to about (1 123-1 173K) 150-250 degrees C and carries out extent 
maintenance for 5 to 15 minutes (0.3-0.9ks), it is an overheating approach which 
quenches to casting temperature, and it is said for the detailed-ized device in this 
approach to be heterogeneous nucleation with an aluminum-Mn-(Fe) compound. 
However, since this approach had high processing temperature, energy cost 
started, costs increased also to antioxidizing of a molten metal, and the 
maintenance check activity of a molten metal pan, and economical efficiency and 
safety reservation also had many problems. There is a carbon addition method 
which adds the compound which contains carbon (C) in a molten metal around 750 
degrees C (1023K) in the latter, and it is said that the detailed-ized device in this 
approach is the heterogeneous nucleation by the aluminum carbide (aluminum4C3) 
to which C in a compound and aluminum in a molten metal reacted. However, 
although C2CI6 was industrially added as a detailed-ized agent, since dioxin (2, 3, 
7, 8-tetra-chloro dibenzo p-dioxin CI 2 (C6H2)02 (C6H2) CI2) occurs, as for 
current, use is forbidden. Moreover, it is the approach of there being a secondary 
salt-ized iron method (Elfinal law) besides these, and adding around 760 degrees C 
(1053K), and carrying out maintenance of the ferric chloride (FeCI3) for 30 to 60 
minutes (1.8-3.6ks), an aluminum-Mn-Fe compound serves as a heterogeneous 
nucleus, it is said that grain refining happens, and if Mn is not contained more than 
constant value, it is reported that it is not notably made detailed. However, since, 
as for this approach, corrosion resistance is spoiled by local battery operation of 
Fe and Mg, current is not performed. 
[0003] 

[Problem(s) to be Solved by the Invention] As mentioned above, the detailed-ized 



processing by addition of a detailed-ized agent has low processing temperature 
compared with overheating processing, and has the advantage that it is processing 
suitable for the extensive dissolution, then, the detailed-ized agent which dioxin 
generates — desire of the detailed-ized agent of the substitution replaced with 
C2CI6 was carried out. Furthermore, since corrosion resistance is spoiled by Fe in 
detailed-izing by the aforementioned secondary sahHzed iron method, it aims at 
not spoiling corrosion resistance, changing the structure of an aluminum-Mn 
compound, making it act as nucleation matter of Mg, and attaining detailed-ization 
by adding other elements which replace this. 
[0004] 

It is means] in order to solve [technical problem. This invention is proposed in 
view of the above, and it is related with the grain-refining approach of the 
Magnesium alloy cast characterized by making crystal grain detailed by adding 
pure carbon (C) powder in the Magnesium alloy melt which contains aluminum 
(aluminum) and manganese (Mn) as the 1st invention. 

[0005] Moreover, this invention also proposes the grain-refining approach of the 
Magnesium alloy cast characterized by making crystal grain detailed by adding 5 
niobium oxide (Nb 205) or 5 oxidization 2 vanadium (V205) with the source of 
carbon (C) in the Magnesium alloy melt which contains aluminum (aluminum) and 
manganese (Mn) as the 2nd invention. 
[0006] 

[Embodiment of the Invention] Although especially the Magnesium alloy containing 
aluminum and Mn which are used for invention and invention of the 2nd of the 1st 
of said this invention is not limited about the presentation, in the following 
explanation, it contains aluminum during the presentation and AZ91 alloy used also 
for sand castings is used for it as an impurity, including Mn. 

[0007] Moreover, although the graphite 5 micrometers or less accompanied by a 
super-high grade argon (Ar) gas carrier was used for the pure carbon powder used 
for said 1st invention in the example ( drawin g 1 ) mentioned later, it is not limited 
to especially these. For example, helium (helium) gas is sufficient as carrier gas, 
and particle size is so good that it is small. Moreover, activated carbon 
(independent) may be used. 

[0008] Moreover, although detailed-ization is attained like 1053K or more elevated 
temperatures for a short time, since the addition temperature of pure carbon 
powder has a possibility that a molten metal may ignite, about 1023K are desirable 
[ temperature ]. 

[0009] It is not necessary to use said pure carbon powder, and since it is 
premised on Nb 205 or concomitant use of V205, as a carbon source used for 
said 2nd invention, gases, such as carbonic acid (C02) gas, are sufficient, solid- 
states, such as activated carbon, are sufficient, and the carbon source of a 
gestalt can be used suitably. 

[0010] Moreover, powder is sufficient as Nb 205 used for said 2nd invention, or 
V205, and what was fabricated to massive (a tablet, pellet, etc.) is sufficient as 
them. When using activated carbon etc. as said carbon source, it mixes, and it may 
fabricate massive and you may add. 0.1 - 3% of the addition to these [ Nb 205 ] or 
the amount of molten metals (alloy melt) of V205 is desirable. The detailed-ized 



effectiveness of crystal grain sufficient at less than 0.1% is accepted, and it is, and 
is **. That is, detailed-ized effectiveness with a carbonic acid (C02) gas 
independent or the more sufficient activated carbon independent is acquired. 
Moreover, in the addition exceeding 3%, the mechanical property of the casting 
object acquired since private seal ** and an impurity content increase the grain- 
refining effectiveness beyond it etc. falls. In addition, unsettled particle-size level 
was about about 140-200 micrometers, if-izing of this could be carried out 
[ detailed ], the effectiveness of detailed-izing will be accepted, but since the 
crystalline structure of an alloy was so desirable that it was detailed, it aimed at 
100 micrometers or less as conditioning for acquiring higher detailed-ized 
effectiveness. Moreover, it is found out by what this detailed-ization of 100 
micrometers or less was accepted in that Mn compounds which spheroidized in 
crystal grain are scattered, and improvement in a mechanical property is expected 
from it. 

[0011] Moreover, as for Nb 205 or the addition temperature of V205, 993-1 073K 
are desirable, and it is 1 033-1 073K more preferably. The detailed-ized 
effectiveness of crystal grain has the relatively large one where addition 
temperature is higher, and the detailed-ized effectiveness of crystal grain 
sufficient at temperature lower than 993K is not accepted, the grain-refining 
effectiveness beyond it is not accepted at temperature higher than 1073K, but 
problems, such as increase of energy cost, are produced rather. It was found out 
that high, irrespective of (0.1%) Nb 205 or the addition of V205, i.e., minimum, 
detailed-ized effectiveness is acquired especially for addition temperature by 
1073K. 
[0012] 

[Example] Example 1 [the approach of adding pure carbon powder] 
1-1) Using the SUS430 stainless steel (Fe-18% Cr) of the Fe-Cr system which 
does not contain the production nickel of crucible, this plate was bent to the 
cylindrical shape and crucible was produced by gas welding. Three layer of little 
FeAl which performs immersion plating by the pure aluminum bath in order to 
raise high-temperature-oxidation-proof nature furthermore, and gets wet with Mg 
on a crucible front face by overheating diffusion after that were made to form. 
Moreover, the magnesium oxide of reagent chemicals was applied to all the 
casting instruments containing crucible, and mixing of the impurity in the case of 
the alloy dissolution was prevented. 

[0013] 1-2) The AZ91E Magnesium alloy of commercial material was used for the 
test-method experiment. This presentation is shown in Table 1. 
[Table 1] 

AZ 9 1 E7^^ v">A-&&CD{fc#fijc# 

(mass%) 



A 1 


Z n 


Mn 


S i 


Cu 


N i 


Fe 


Mg 


9. Oi 


0. 82 


0. 22 


0. 01 


0. 001 


0. 0002 


0. 0017 


Bal 



The experimental device introduced into the carbon powder scattering unit the 
super-high grade Ar gas supplied from a super-high grade Ar (argon) chemical 



cylinder, as shown in drawing 1 , and it performed it by the method which blows 5- 
micrometer carbon powder (graphite) into a molten metal. In addition, in the 
carbon powder scattering unit, 5-micrometer carbon powder is put into a tank 
pars basilaris ossis occipitalis, and 5-micrometer carbon powder which blew 
super-high grade Ar gas intermittently, and was dispersed in the tank was 
introduced in the molten metal through the 200-mesh wire gauze. In order to 
remove the impurity on the front face of an ingot, the nitric acid performed 
pickling, the 700g alloy was put into crucible, and it dissolved using the electric 
furnace. 

Trial A; 0.6ks addition of the 5-micrometer carbon powder was carried out after 
the alloy dissolution at the addition temperature 973, 993, 1013, 1023, 1053, and 
1073K. It cast by having produced the thing (unsettled material) unsettled for a 
comparison, and the thing of only Ar gas, and the diameter of average crystal 
grain of cast structure was measured with the optical microscope. 
Trial B; in addition temperature 1023K, the addition time amount of 5-micrometer 
carbon powder was changed to 0.3, 0.6, 0.9, 1.2, 1.5, and 1.8ks, and it measured 
similarly. 

Trial C; at the addition temperature 1053 and 1073K, the addition time amount of 
5-micrometer carbon powder was changed to 0.3, 0.6, and 0.9ks, and it measured 
similarly. 

[0014] 1-3) The result of the test-result trial A; relation with the diameter of 
average crystal grain of addition temperature and cast structure in case the 
addition time amount of 5-micrometer carbon powder is 0.6ks(es) was shown in 
drawin g 2 . Moreover, the cast structure by the optical microscope was shown in 
d raw ing 3 . The diameter of average crystal grain of unsettled material was about 
138 micrometers, and when it was about addition temperature 1000K more than, 
detailed-ized effectiveness was accepted so that more clearly than drawing 2 . 
1023K or more addition temperature and remarkable detailed-ized effectiveness 
were especially acquired at 1053K or more addition temperature further. 
The result of Trial B; the cast structure by the optical microscope at the time of 
changing addition time amount in case the addition temperature of 5-micrometer 
carbon powder is 1023K was shown in drawin g 4 . When it was 0.6 or more kses of 
addition time amount so that more clearly than drawin g 4 , detailed-ized 
effectiveness was accepted, and remarkable detailed-ized effectiveness was 
acquired especially by 0.9 or more kses. 

The result of Trial C; the cast structure by the optical microscope at the time of 
changing addition time amount in case the addition temperature of 5-micrometer 
carbon powder is 1053 and 1073K was shown in drawin g 5 . Detailed-ized 
effectiveness sufficient also by addition time amount 0.3ks was accepted to be 
clear, and especially 0.6 or more kses were more desirable than drawin g 5 . 
[0015] Example 2 [the approach of adding a carbon source and Nb 205] 
2-1) Crucible was produced like the production above 1-1 of crucible and 
phosphorizer. Moreover, with the same ingredient, the phosphorizer for adding the 
lid and Nb 205 for combustion prevention was also produced. 
[0016] 2-2) It examined in the procedure shown in drawin g 7 using the 
experimental device of drawing 6 using the same AZ91E Magnesium alloy as the 



test-method above 1-2. 

Trial D; in order that Nb 205 might investigate first the temperature which acts on 
detailed-ization effectively, it added by making an addition regularity (0.5mass%). 
Nb 205 used as the tablet at the addition temperature 993, 1013, 1033, 1055, and 
1073K after the alloy dissolution — phosphorizer — the amount of molten metals 
— receiving — 0.5mass(es)% (it is hereafter described as %) — it added, 
atmospheric-air radiationnal cooling was carried out after reaction termination and 
out of the furnace, and teeming was carried out to phi20mm and round bar metal 
mold (room temperature) with a height of 100mm in 973K. On the occasion of 
teeming, C02+SF6 mixed gas was sprayed on a molten metal and mold, and while 
making C02 into the carbon source, combustion of a molten metal was prevented. 
It cast by having produced the thing (unsettled material) unsettled for a 
comparison, and the diameter of average crystal grain of cast structure was 
measured with the optical microscope. 

trial E; — the Nb205 addition temperature (1033, 1053, and 1073K) the detailed- 
ized effectiveness of crystal grain was accepted to be in the above-mentioned 
experiment next — 20Nb5 addition — 0.1 and 0. — it was made to change with 2, 
0.5, and 1%, and cast like the above. Moreover, in order to make the eutectic 
produced by quenching for organization observation dissolve, solution treatment 
was performed in 673K and 14.4ks. In organization observation of the obtained 
sample, the diameter of average crystal grain was measured with microtomy using 
the optical microscope. 

[001 7] 2-3) The result of the test-result trial D; drawin g 8 shows the relation of 
the addition temperature of Nb 205 exerted on the diameter of average crystal 
grain of cast structure. Moreover, the cast structure by the optical microscope 
was shown in drawing 9 . Although the diameter of average crystal grain of 
unsettled material is about 192 micrometers, and all were made detailed compared 
with this so that more clearly than drawin g 8 , the diameter of average crystal 
grain was set to 100 micrometers or less especially in 1033, 1055, and 1073K, and 
remarkable detailed-ized effectiveness was accepted. That is, the inclination for 
the diameter of crystal grain to become fine was seen, the reduction reaction 
progressed, so that added Nb 205 was an elevated temperature, and high 
detailed-ized effectiveness was acquired as addition temperature became an 
elevated temperature. 

The result of Trial E; drawing 10 shows change of the cast structure at the time 
of changing 20Nb5 addition especially about the addition temperature 1033, 1053, 
and 1073K as which high detailed-ized effectiveness was regarded, i.e., the 
relation of the 20Nb5 addition and addition temperature which are exerted on the 
diameter of average crystal grain of cast structure. Moreover, the cast structure 
by the optical microscope was shown in drawing 1 1 and drawin g 12 . The 
inclination averaged and made detailed regardless of 20Nb5 addition in 1033 and 
1073K was seen so that more clearly than drawing 10 , and balling-up of Mn 
compound was observed notably. A particle size (about 60 micrometers) very fine 
especially 1073K was obtained. However, about 1053K, the inclination for crystal 
grain to become fine with the increment in an addition was seen. 
[0018] Although this invention was explained based on the example above, this 



invention can be carried out even to how, unless it is not limited to said example 

and the configuration of a publication is changed into a claim. 

[0019] 

[Effect of the Invention] As explained above, the grain-refining approach of the 
Magnesium alloy cast of this invention can improve a mechanical property by 
making the crystalline structure detailed, without generating dioxin. 



[Translation done.] 



* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] It is the mimetic diagram showing the experimental device used in the 
example 1. 

[ Drawin g 2] It is the graph which shows the relation of the addition temperature of 
5-micrometer carbon powder and the diameter of average crystal grain of cast 
structure in an example 1 . 

[Drawing 3] It is the copy of the optical microscope photograph in which the cast 
structure at the time of changing the addition temperature of 5-micrometer 
carbon powder in an example 1 is shown. 

[Drawing 4] It is the copy of the optical microscope photograph in which the cast 
structure at the time of setting addition temperature of 5-micrometer carbon 
powder in an example 1 to 1023K, and changing addition time amount is shown. 
[Drawing 5] It is the copy of the optical microscope photograph in which the cast 
structure at the time of setting addition temperature of 5-micrometer carbon 
powder in an example 1 to 1053 and 1073K, and changing addition time amount is 
shown. 

[Drawin g 6] It is the mimetic diagram showing the experimental device used in the 
example 2. 

[ Draw ing 7] It is the flow which shows the experiment procedure of an example 2. 
[Drawing 8] It is the graph which shows the relation of the addition temperature of 
Nb 205 exerted on the diameter of average crystal grain of cast structure in an 
example 2. 

[Drawing 9] It is the copy of the optical microscope photograph in which the cast 
structure at the time of changing the addition temperature of Nb 205 in an 
example 2 is shown. 

[ Drawin g 10] It is the graph which shows the effect of 20Nb5 addition and 
addition temperature which are exerted on the diameter of average crystal grain 
of cast structure in the addition temperature 1033, 1053, and 1073K of Nb 205 in 
an example 2. 

[ Drawing 1 1 ] It is the copy of the optical microscope photograph in which the cast 
structure at the time of setting addition temperature of Nb 205 in an example 2 
to 1033 and 1053K, and changing an addition is shown. 

[ Drawin g 12] It is the copy of the optical microscope photograph in which the cast 
structure at the time of setting addition temperature of Nb 205 in an example 2 



to 1073K, and changing an addition is shown. 
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[ Drawin g 12] 
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[ Drawin g 4] 
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[Draw ing 5] 




[ Drawin g 7] 
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[Drawin g 6] 



.4» « *f 

♦ 




v u =3 — y 



[ Drawin g 8] 
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